OBJECTIVES: This study evaluated a behavioural model of the relation between social factors and obesity, in which differences in body mass index (BMI) across sociodemographic groups were hypothesized to be attributable to social group differences in health behaviours affecting energy expenditure (physical activity, diet and alcohol consumption and weight control). METHODS: A total of 8667 adults who participated in the 1995 Australian National Health and Nutrition Surveys provided data on a range of health factors including objectively measured height and weight, health behaviours, and social factors including family status, employment status, housing situation and migration status. RESULTS: Social factors remained significant predictors of BMI after controlling for all health behaviours. Neither social factors alone, nor health behaviours alone, adequately explained the variance in BMI. Gender-specific interactions were found between social factors and individual health behaviours. CONCLUSIONS: These results suggest that social factors moderate the relation between BMI and weight-related behaviours, and that the mechanisms underlying sociodemographic group differences in obesity may vary among men and women. Additional factors are likely to act in conjunction with current health behaviours to explain variation in obesity prevalence across sociodemographic groups.
Introduction
Overweight and obesity increase risk of morbidity and/or mortality from a number of chronic conditions including noninsulin-dependent diabetes mellitus, coronary heart disease, hypertension, hyperlipidaemia, osteoarthritis and certain cancers. 1 In many Western countries, overweight and obesity have reached epidemic proportions, and now pose a significant threat to the health of populations throughout the world. Substantial evidence demonstrates that the prevalence of obesity has increased dramatically over the past several decades. [1] [2] [3] Evidence suggests that obesity is socially distributed, with certain social groups at increased risk. Substantial evidence demonstrates an inverse relation between social class and body weight and risk of obesity among women, and less consistently among men in industrialized countries. [4] [5] [6] [7] Other sociodemographic factors are also known to be associated with overweight. Although evidence is somewhat less consistent, 8 marital status has been linked crosssectionally with obesity 9 and longitudinally with weight gain, 10, 11 such that being/getting married is associated with higher risk. Migration status has also been linked with obesity. For instance, a study of Swedish women found that foreign-born women had higher body fat and central adiposity compared with Swedish women. 10 In a study of Australian men and women, we investigated associations between body mass index (BMI) and a number of social factors (employment status, family status, housing situation and migration status). Our results generally confirmed previous evidence of gender-specific links between social factors and obesity.
12, 13 Although a framework for examining relations between social factors and obesity has been proposed, 14 there have been few studies that have examined the mechanisms underlying these relations. One possible explanation is that these relations are attributable to differences across social groups in levels of participation in weight-related behaviours. 15 According to such a 'behavioural model', differences in eating, physical activity and other weight-related behaviours completely account for differences in obesity prevalences across social groups. There is ample evidence of sociodemographic differences in weight-related behaviours. For example, lower levels of recreational physical activity have been reported amongst individuals of low social class, 16 among those who are married, 17 and among immigrants. 10, 18 Individuals of low social class are also less likely to consume a healthy or low-fat diet. [19] [20] [21] Dieting and weight control efforts are also potentially important mediators. The mediating role of dieting may explain the stronger association between socioeconomic status (SES) and obesity observed for women compared with men, since women of higher SES diet more often than do women of lower SES 20 . Very few studies have empirically tested theoretical models of the relation between social factors and BMI. Wamala et al 22 reported that unhealthy dietary habits, as well as psychosocial stress and reproductive history explained a large proportion of the association between low social class and obesity in middle-aged women. Another study investigating social class differences in obesity-related health behaviours reported that, after controlling for diet, exercise and dieting behaviours, social class remained a significant predictor of BMI. 23 However, both these studies used limited indicators of social class and of health behaviours, and were based on relatively small and nonrepresentative samples. This study aimed to investigate the role of health behaviours in explaining the relations between social factors and obesity in a national population sample. It was hypothesized that, consistent with the behavioural model described earlier, the relations between social factors and obesity would be accounted for by differences across social groups in obesity-related health behaviours.
Materials and methods

Participants
Data in this study were derived from the 1995 Australian National Nutrition Survey (NNS). 24 NNS participants were recruited from the study population of the 1995 National Health Survey (NHS). 25 Recruitment procedures for the 1995 NHS and NNS surveys are described elsewhere. 24, 25 Briefly, for the NHS, a stratified multistage area sampling technique was used to obtain a random, nationwide sample of 23 800 households. Of the households selected to participate, 91.5% households responded, with a total of 57 633 persons interviewed. Of those, 22 562 were selected to participate in the NNS. The sample for the NNS was systematically selected from the NHS private dwelling sample covering urban and rural areas across all States and Territories of Australia. The NNS subsample was designed to provide desirable estimates of nutrient intake differences across groups (for example, national level, state level and regional estimates by age group and sex). A maximum of three NHS participants per household were randomly selected from households participating in the NHS. Of the 13 858 participants in the NNS, 10 754 were adults. The present study uses data provided by 8 667 adults of working age (18-64 y). Pregnant women (n ¼ 159) were excluded from the analyses.
Procedures
Trained interviewers personally interviewed participants in the NHS. At the completion of the NHS interview, selected participants were informed of the NNS and agreement to participate was sought. Those agreeing to participate were instructed on how to complete a food frequency questionnaire by the interview staff. Participants self-completed the food frequency questionnaire and returned it by mail.
Measures
Height and weight Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, using standardized procedures. 24 BMI was calculated as weight in kilograms/ (height in metres) 2 .
Social factors
The social indices used in the present analyses were derived in a previous study using factor analyses of demographic and socioeconomic variables from the NHS'95. 26 A total of 14 items were found to load consistently on four conceptually meaningful domains, given in the order of relative rank as employment, housing, migration and family status. For the present study, tertiles of the factor scores were calculated for each of the four social domains. Based on previous evidence of links between social factors and obesity, the 'lowest' tertile represented those most likely to be obese; the highest tertile represented those least likely to be obese. The highest employment tertile comprised fulltime managers or professionals, whereas the lowest employment tertile comprised persons who were unemployed or in low status occupations, working few hours, and/or receiving pensions or benefits as their main wage source. The highest housing tertile comprised home owners, and/or those living in homes with more than three bedrooms; the lowest tertile comprised persons living in smaller rental properties. The highest migration tertile consisted of Australian-born individuals; the lowest, people born overseas with poor English ability. The highest family status tertile consisted of people who were single and tertiary educated, and the lowest tertile comprised people who were married with a large number of dependents. Full details of the indices are provided elsewhere 26 and a summary of the items loading on the four indices is also provided in Appendix 1. These indices were selected for use in the present study for a number of reasons. Firstly, social class is not directly 27 Since these variables are correlated, in order to look at multiple social variables simultaneously, they must be combined in some way (eg, via factor analysis). The use of social factors in this study enabled combinations of various individual social and socioeconomic indicators that are highly correlated in the same direction to be grouped together. The use of factors also provided for more powerful analyses, since missing values on a single variable did not result in that respondent's data being excluded. Finally, the social factors used in this study reflect multiple social dimensions that have previously been demonstrated to be associated with a number of health outcomes, including obesity, among men and women.
12, 13, 28 Physical activity Participants in the NHS were asked whether, in the previous two weeks, they did any of the following: walking for sport, recreation or fitness; moderate exercise (apart from walking) or vigorous exercise. Responses were used to calculate a physical activity index, exlevind, based on the number of times activity was undertaken in the past 2 weeks, multiplied by the average time per session, and the level of intensity (expressed as a multiple of the resting metabolic rate). Intensity values of 3.5 for walking, 5.0 for moderate exercise and 9.0 for vigorous exercise were used, with score ranges on the physical activity variable calculated as 1 (vigorous: >3200 and 2 h or more of vigorous exercise); 2 (moderate: 1600-3200 or >3200 and o2 h vigorous exercise); 3 (Low: 100-1600); and 4 (sedentary: o100).
24
Dietary intake Dietary intake in this study was assessed using 15 dietary factors derived through factor analysis of 99 food and beverage items assessed using a food frequency questionnaire (FFQ). Factor analysis is receiving increasing attention as a useful technique for describing patterns of dietary intake. 29 Factor analysis of food consumption patterns can provide insights into the foods that group together, allowing us to move beyond the analysis of specific nutrients or foods, and potentially providing a clearer picture of the overall patterns of dietary intake. The FFQ, administered as part of the NNS, assessed usual intake of food and beverages over the last 12 months. Each item had a choice of nine frequency categories ranging from 'Never or less than once a month' to 'Six or more times per day'. These were converted to daily equivalent frequencies and entered into a factor analysis. Results demonstrated 15 interpretable, gender-specific factors that accounted for almost 50% of the variance among both men and women. 29 Among men, these factors were salad vegetables; pork and poultry; tropical fruits; other vegetables; traditional vegetables; protein foods; takeaway foods; cakes and sweets; offal and canned fish; traditional fruit; breakfast cereals; crackers, cheese and savoury spreads; mixed meat dishes; wholemeal bread; and coffee and milk. Among women, the factors were traditional vegetables; salad; fruit; meat dishes; pasta, rice and other mixed dishes; takeaways; ethnic vegetables; breakfast cereal/muesli; fruit and vegetable juice; fish and seafood; cakes and desserts; chocolate and confectionery; crackers, cheese and savoury spreads; coffee and milk and low-calorie drinks. These factors served as indicators of dietary patterns in the present study. The use of these factors was thought to provide a more informative indicator of eating behaviours than nutritional profiles or deficiency/ excess of particular dietary components.
Low-fat food use Respondents were also asked about their frequency of use of six specified low/reduced fat products: low-fat cream, sour cream, ice-cream, cheddar-type cheese, oil salad dressing and spreads. Response options were coded as 0: never/rarely, 1: sometimes, and 2: usually. Scores for the six items were summed and the summed score was then used to categorize respondents as using low-fat dairy foods frequently (sum of 3 or above), coded 2; using low-fat dairy foods occasionally (sum of 1 or 2), coded 1; or never/rarely using low-fat dairy foods (sum of 0), coded 0.
Dieting Respondents were asked whether they usually followed any special diet or way of eating. Response options were no special diet, vegetarian, weight reduction diet, diabetic diet, fat-modified diet, other and not applicable. For the present analyses, these were grouped into those on a weight-reduction or fat-modified diet; and all others.
Alcohol intake An index of alcohol consumption was calculated by summing the daily equivalent values of seven alcohol items from the FFQ: beer (low alcohol), beer (ordinary full-strength), red wine, white wine or champagne, wine cooler, sherry or port, and spirits/liqueurs. Respondents who reported a total alcohol consumption of less than once a month were given a score of zero on the alcohol index. Those reporting alcohol consumption of between once a month, and once a week, received a score of 1, and those consuming alcohol more than once a week received a score of 2.
Smoking Respondents reported in the NHS whether they currently smoked, scored as 1; were ex-smokers, scored 2; or never smoked, scored 3.
Statistical analysis
Data analyses were carried out in three steps, separately for men and women. Initially, analysis of covariance (ANCOVA) was used to examine the relations between all four social factors and BMI while controlling for age and smoking status. In the second step, a full model was created using multiple regression with BMI as dependent variable and where d is the number of independent terms dropped from the full model to get to the submodel. The F-ratio has an F d,nk-1 (k ¼ number of parameters) distribution under the null hypothesis that the submodel is adequate. 30 The analysis was repeated with all the behavioural factors treated as a submodel. The final step was to test for interaction effects between the significant social domains and the behavioural factors. Multiple regression analyses with BMI as dependent variable and behavioural factors as explanatory variables were carried out for each level of the significant social factors. All analyses were conducted using SAS 6.12. 31 Results Table 1 shows the characteristics of the study participants by gender. Approximately 70% of the participants were between 25 and 54-y old. Compared with women, a higher proportion of men were managers, administrators or professionals, smokers and/or consumed alcohol more than once a week. A higher proportion of women than men were on a weightreduction or fat-modified diet, and/or consumed low-fat dairy foods frequently. Table 3 shows the regression coefficients from multiple regression models predicting BMI from the social and behavioural factors, controlling for age and smoking status. Among men, the dietary factors traditional vegetables and protein foods were positively associated with BMI, while cakes and sweets, offal and canned fish, fruit, breakfast cereal and wholemeal bread were negatively associated. That is, men with higher BMI tended to report eating relatively more traditional vegetables and protein foods, but less cakes and sweets, offal and canned fish, fruit, breakfast cereal and wholemeal bread than men with lower BMI. Among women, the dietary factors salad, takeaways and low calorie drinks were positively associated with BMI, while the factors fruit, ethnic vegetables, breakfast cereal and muesli, and fruit and vegetable juice were negatively associated with BMI. In other words, women with higher BMI tended to report consuming more salad, takeaways and low calorie drinks, but less fruit, ethnic vegetables, breakfast cereal and muesli, and fruit and vegetable juice than women with lower BMI. Level of exercise was also negatively associated with BMI among women. Women who were on weight-reduction or fatmodified diets had higher BMI than those who were not on these diets (mean 25. There was no evidence that the submodel of the four social factors was adequate in predicting BMI for men (F 21,2084 ¼ 141; Po0.01) or women (F 21,2389 ¼ 121, Po0.01), since there was a significant difference in the goodness of fit between the full and submodels. Similarly, there was no evidence to support that the submodel comprising behavioural factors was adequate (men: F 5,2084 ¼ 19, Po0.01; or women: F 5,2389 ¼ 21, Po0.01). While the significant social factors observed in the submodel remained statistically independent of the behavioural factors (including smoking), inclusion of these behavioural factors significantly improved the predictive value of the model. Table 4 shows the interactions between the significant social factors and the behavioural factors among men. In the lowest tertile of social factors, smoking status was significant for housing and family status. Among women, levels of physical activity, smoking status, use of low-fat dairy foods and dieting status were associated with BMI for those in the highest tertile of employment, but not for women in the lowest tertile of employment (Table 4) .
Discussion
To develop effective obesity prevention strategies, it is necessary to understand how social factors are related to obesity. While many studies have reported associations between social factors and obesity, few have investigated the mechanisms that may explain these relations. This study tested the hypothesis that health behaviours which affect energy balance (physical activity, dietary factors, alcohol intake and weight-control efforts) would account for social group differences in obesity. The analyses employed in the present study represent a significant advance over the few previous studies that have investigated mechanisms underlying the relations of social factors with obesity. 22 , 23 The present study tested not only the overall model of social factors, health behaviours and BMI, but also the interactions of social factors with behavioural factors. Further strengths of this study were its use of a large, representative population sample, measured heights and weight, and several comprehensive, empirically-derived social indicators. The results presented here provide support for genderspecific associations between social factors and BMI. Among men, those in the housing tertile designated as lowest (eg, living in rental properties, with fewer bedrooms) and the family status tertile designated as lowest (eg, married, with dependents) had higher BMI. Among women, those in the lower employment (eg, part-time workers, lower status occupations) group had higher BMI. The findings also highlight the complexity of the relations among behavioural factors and BMI. For instance, some dietary factors Social factors and obesity K Ball et al Social factors and obesity K Ball et al Social factors and obesity K Ball et al characterized by high-fat, energy-dense foods were found to be negatively associated with BMI. Conversely, the frequent use of low-fat dairy foods was found to be positively associated with BMI among men and women. This may reflect adjustments to the diet made by those overweight, in an effort to control their weight. Alternatively, this may have resulted from disproportionate under-reporting of high-fat food consumption or over-reporting of low-fat food consumption among the overweight, which would be consistent with previous evidence of self-report bias in dietary intake. [32] [33] [34] On the other hand, numerous low-fat, low-energy foods were found to be negatively associated with BMI, as expected.
The key aim of this study was to investigate a behavioural model of associations between social factors and BMI. Results demonstrated that neither social factors alone, nor behavioural factors alone, were as useful as the full model (ie, both social and behavioural factors) in predicting BMI among men or women. In multiple regression analyses, although a number of behaviours significantly predicted BMI, those gender-specific social domains that alone predicted BMI (ie, housing situation and family status for men and employment status for women) remained significant predictors after controlling for all health behaviours. The analyses also demonstrated that a number of behavioural factors interacted with social factors in predicting BMI, differentially for men and women. These results support the view that social factors act like moderators in determining the relationship between BMI and behavioural factors, and that the mechanisms underlying relationships between social factors and obesity may differ among men and women.
The lack of support found for a behavioural model may be attributable to methodological limitations of the present study. The main limitation concerned the cross-sectional nature of the study. While the associations observed between health behaviours, social factors and body weight give some insight into the potential pathways underlying these relations, it is not possible to determine the causal mechanisms by which these factors are related. It may be that the measures used were not sufficiently sensitive or adequate for accurately assessing behaviours. Self-reported physical activity may be subject to social desirability or recall biases, and these biases may be affected by gender and/or social class. 35 Similarly, under-reporting is an inherent problem in selfreport dietary assessment. 34 Further, the food frequency questionnaire used in the present study did not take into account portion size, only frequency of consumption. However, the dietary indices were based on empirical analyses of a comprehensive food frequency questionnaire, providing an advance over previous studies that have employed more limited dietary indices. 23 While more objective measures of diet and physical activity are available, their use in population studies such as this are not feasible. It is also likely that the lack of support for a behavioural model is at least partly attributable to the cross-sectional nature of the present study. Behavioural factors were measured at one time point only, whereas it is likely that obesity results from an energy imbalance accumulated over an extended period of time. 1 Further prospective studies with repeated assessment of both social and behavioural factors and body weight are clearly required. Apart from methodological limitations, an alternative explanation of the present findings is that behavioural factors alone do not explain associations of social factors and BMI, but rather other factors also contribute. It has been suggested that one such factor that may influence this relation is heredity. 36 However, there is little evidence to support genetic differences among social groups. Another potential mediator is psychological stress. Evidence from animal models, 37 and more recently from human studies, 38, 39 suggests that stress may influence metabolism and body fat distribution. It is plausible that different social groups may be subject to different levels of psychosocial stress (for instance, low employment grade has been linked with increased psychological distress) and this could contribute to increased risk of obesity. Findings of one of the few studies investigating potential causes of social differences in obesity are consistent with this hypothesis. 22 Given the significant effects and interactions of social factors with several behavioural measures in the present study, it is likely that any additional explanatory factors act in conjunction with behaviours to predict BMI. Consequently, although a behavioural model did not completely account for the associations of social factors with BMI, behaviours should not be eliminated from future models, but included with additional potentially important explanatory variables. For example, the interaction of psychological stress with social and behavioural factors in contributing to obesity requires further investigation.
In conclusion, while associations between social factors and weight have been reported extensively, the underlying causal pathways are unknown and require further investigation. The present findings suggest the mechanisms underlying these relations are likely to be gender-specific and highly complex. The cross-sectional design of this study does not permit investigation of the direction of influence of social factors and obesity. Since some evidence suggests that obesity influences social status, rather than vice versa, 40, 41 further longitudinal research is required to investigate causal mechanisms. While the present findings suggest that behavioural factors account for some of the association, social group differences in obesity are attributable to additional factors not investigated in this study. Identification of these factors and the mechanisms governing this relation are critical in order to generate effective intervention strategies to address social inequalities in obesity, and to halt the rapid increase in obesity, particularly among those social groups at highest risk.
